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(54) Hybrid electric vehicle with a permanent magnetic type dynamo-electric machine 



(57) The Invention provides a hybrid electric vehicle 
employing a permanent magnet type dynamo-electric 
machine (31) structured such that a torque at a time of 
reverse rotation is greater than a maximum torque out- 
put by a dynamo-electric machine (31) when the dyna- 
mo-electric machine (31) normally rotates. Further, the 
present invention provides a hybrid electric vehicle in 
which a dynamo-electric machine (31) and an engine 
(30) are connected to a drive shaft (37) in series and no 
gear for switching between forward and backward 
movements is provided, wherein there is employed a 
permanent magnet type dynamo-electric machine (31) 
structured such that a torque output by the dynamo-' 
electric machine (31) when the hybrid electric vehicle 
moves backward (the dynamo-electric machine (31) re- 
verse rotates) is greater than a maximum torque output 
by the dynamo-electric machine (31) when the hybrid 
electric vehicle moves fonward (the dynamo-electric ma- 
chine (31) nonnally rotates). In the hybrid electric vehi- 
cle employing the permanent magnet type dynamo- 
electric machine (31) having a stator (1) having a stator 
iron core (2) around which a stator coil is wound, and a 
rotor (6) arranged in the stator (1 ) at a rotational gap (5) 
and having a plurality of permanent magnets (8) ar- 
ranged and fixed within a rotor iron core (7) In a periph- 
eral direction, a ratio between a maximum torque output 
by the dynamo-electric machine (31 ) when the dynamo- 
electric machine (31 ) normally rotates and a torque out- 
put by the dynamo -electric machine (31) when reverse 
rotating establishes a relation 1:1.05-1.2, whereby the 



torque at the reverse rotation becomes greater. 



FIG.6 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001] The present invenllon relates to a hybrid elec- 
tric vehicle employing a permanent magnetic type dy- 
namo-electric machine, and more particulariy to a per- 
manent magnetic type dynamo-electric machine struc- 
tured such that a plurality of permanent magnets are In- 
serted in a peripheral direction of a rotor, and a hybrid 
electric vehicle in which the dynamo-electric machine 
and an engine are connected to a drive shaft in series 
and no switching gear between forward and backward 
movements is provided. 

DESCRIPTION OF THE PRIOR ART 

[0002] A power property of the vehicle is 1 .05 to 1 .2 

times larger in a speed change ratio of a forward first 
speed than in a speed change ratio of a backward 
speed. This power property is required in an electric ve- 
hicle including a hybrid vehicle in the same manner, and 
a greatest torque should be output in the case of back- 
ward movement. 

[0003] In this case, in conventional, in order to intend 
to increase an output of a permanent magnet type dy- 
namo-electric machine, there has been known a perma- 
nent magnet type dynamo-electric machine in which a 
shape of magnets in a rotor Is formed in nonsymmetrical 
at each pole and a motor-driven vehicle employing the 
same. As representative embodiments, there are Japa- 
nese Patent Unexamined Publication Nos. 8-33246, 
9-182331 and 9-271151. 

[0004] The stmcture described in Japanese Patent 
Unexamined Publication Nos. 8-33246 and 9-1 82331 is 
made such that in order to provide a permanent magnet 
type dynamo-electric machine suitable for one way ro- 
tation, a punching hole for preventing a leakage flux is 
provided between the magnets, and a permanent mag- 
net inserting hole is provided in an inner portion of an 
iron core in a rotor at a predetemnined inclined angle 
with respect to a circumferential direction or a perma- 
nent magnet is arranged so as to be shifted in a direction 
of rotation (normal rotation), thereby increasing a total 
amount of magnetic flux and utilizing a reluctance torque 
so as to increase an output. 

[0005] Further, the structure described in Japanese 
Patent Unexamined Publication No. 9-271151 is a per- 
manent magnet type dynamo-electric machine for a mo- 
tor-driven vehicle in which a magnet inserting hole is 
made long and a pemnanent magnet is arranged In a 
shifted nnanner, thereby increasing a torque. Further, as 
a conventional embodiment of a pemnanent magnet 
type dynamo-electric machine for an electric vehicle, 
there is a structure described in Japanese Patent Un- 
examined Publication No. 9-261901. This technique 



con-esponds to a structure in which the arrangement of 
the permanent magnet is defined by a distance from a 
center of the rotor In order to intend to reduce the leak- 
age flux. 

5 [0006] In this case, among the conventional arts men- 
tioned above, at first, in the former structure in which 
"the permanent magnets are nonsymmetrical at each 
pole", it is possible to increase the torque, however, it is 
intended to strengthen the magnetic flux in the direction 

'io of rotation (normal rotation), so that the structure is ap- 
plied to the dynamo-electric machine suitable for one 
way rotation. Further, the latter structure in which "the 
permanent magnets are nonsymrnetrical at each pole" 
of course has the same power property at both of the 

^5 fonvard movement (normal rotation) and the backward 
movement (reverse rotation). Accordingly, It Is unavoid- 
able to be the dynamo-electric machine which can out- 
put 1 .05 to 1 .2 times the torque inherently required at 
the f onward niovement (the same torque as that at the 

20 backward movement). Since an amount of magnetic flux 
is much together .with outputting an unnecessary high 
torque, a weakening field current at a time of high speed 
rotation is increased so as to reduce an efficiency. 
[0007] In particular, in a hybrid electric vehicle in 

25 which a permanent magnet type dynamo-electric ma- 
chine and an engine are connected to a drive shaft in 
series and no gear for switching between forward and 
backward movements is provided, since a torque of the 
engine is applied at a time of forward movement, It is 

30 not necessary that the forward torque is a high torque. 
Further, since the dynamo-electric machine and the en- 
gine are connected to the drive shaft in series, a rota- 
tional number of the dynamo-electric machine becomes 
the same as that of the engine, so that a specific fuel 

35 consumption is reduced unless a high efficiency is 
achieved at a time of high speed rotation. 
[0008] On the contrary, at a time of backward move- 
ment, since the gear for switching between the forward 
and backward movements is not provided, a high torque 

40 corresponding to 1 .05 to 1 ,2 times the fonward move- 
ment is required only by the dynamo-electric machine. 
In this case, at a time of backward movement, since the 
engine and the dynamo-electric machine , are disen- 
gaged by the clutch, a high speed rotation is not per- 

^5 fomried. 

SUMMARY OF THE* INVENTION 

[0009] The present invention is made by taking the 
50 points mentioned above into consideration, and an ob- 
ject of the present invention is to provide a hybrid electric 
vehicle employing a permanent magnet type dynamo- 
electric machine structured such that a torque at a time 
of reverse rotation is greater than a maximum torque 
55 output by a dynamo-electric machine when the dynamo- 
electric machine nomnaliy rotates. 
[001 0] Further, another object of the present invention 
is to provide a hybrid electric vehicle in which a dynamo- 
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electric machine and an engine are connected to a drive 
shaft in series and no gear for switching between for- 
ward and backward movements is provided, wherein 
there is employed a permanent nnagnet type dynamo- 
electric machine structured such that a torque output by 
the dynamo-eleclric machine when the hybrid electric 
vehicle moves backward (the dynamo-eleclric machine 
reverse rotates) is greater than a maximum torque out- 
put by the dynamo-electric machine when the hybrid 
electric vehicle moves forward (the dynamo-electric ma- 
chine nomr^ally rotates). 

[0011] In order to achieve the object mentioned 
above, in accordance with the present invention, there 
is provided a hybrid electric vehicle employing the per- 
manent magnet type dynamo-electric machine compris- 
ing: 

a stator having a stator iron core around which a 

stator coil is wound; and 

a rotor arranged in the stator at a rotational gap and 
having a plurality of permanent magnets arranged 
and fixed within a rotor iron core in a peripheral di- 
rection, 

wherein a ratio between a maximum torque output 
by the dynamo-electric machine when the dynamo- 
electric machine normally rotates and a torque out- 
put by the dynamo-electric machine when reverse 
rotating establishes a relation 1 : 1 .05-1 .2, whereby 
the torque at the reverse rotation becomes greater. 

[0012] Further, in the pemianent magnet type dyna- 
mo-electric machine, the structure is preferably made 
such that a shape of the rotor at each pole is nonsym- 
metrical so that the ratio between the normal and re- 
verse rotations establishes a relation 1 : 1.05-1.2, 
whereby the torque at the reverse rotation becomes 
greater. 

[0013] Further, in accordance with the present inven- 
tion, the structure is preferably made such that a width 
in a rotational direction of a permanent nnagnet inserting 
hole provided within the rotor imn core is larger than a 
width of the permanent magnet, and a space generated 
by a difference of length between the both is arranged 
in a nomnal rotation side of the dynamo-electric ma- 
chine. 

[001 4] Further, in accordance with the present inven- 
tion. the structure is preferably made such that a rotor 
having no punching hole for preventing a leakage flux 
is provided, a pennanent magnet inserting hole provid- 
ed within the rotor iron core is provided at a predeter- 
mlned inclined angle with respect to a circumferential 
direction so that a distance from the rotational gap is 
greater in the normal rotation side of the dynamo-elec- 
tric machine, and the pemrianent magnet is inserted to 
the inserting hole. 

[001 5] Further, in accordance with the present inven- 
tion, the structure is preferably made such that a cross 
sectional shape of the permanent magnet inserting hole 



and the permanent magnet is a rectangular shape. 
[001 6] Further, in accordance with the present inven- 
tion, the structure is preferably made such that a cross 
sectional shape of the permanent magnet inserting hole 

5 and the permanent magnet is an arc shape. 

[0017] Further, in accordance with the present inven- 
itoh, the slrucLure is preferably nriade such that a ratio 
between a width in a rotational direction of the perma- 
nent magnet Inserting hole provided within the rotor iron 

10 core and a width of the permanent magnet is 1 : 0.5-0.9. 
[0018] Further, in accordance with the present inven- 
tion, the structure is preferably made such that the per- 
manent magnet inserting hole provided within the iron 
core forms a predetemriined inclined angle 6 = 1 0 to 45 

IS degrees (mechanical angle) with respect to a circumfer- 
ential direction. 

[0019] Further, in accordance with the present inven- 
tion, in order to achieve the object mentioned above, 
there is provided a hybrid electric vehicle having a dy- 

20 namo-electric machine and an engine connected to a 
drive shaft in series and having no gear for switching 
between forward and backward movements, wherein 
the dynamo-electric machine is a permanent magnet 
type dynamo-electric machine having each of the fea- 

25 tures mentioned above. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0020] 

30 

Fig. 1 is a cross sectional view of a main portion of 
a permanent magnet type dynamo-electric machine 
In accordance with a first embodiment of the 
present invention; 
35 Fig. 2 is a view showing a magnetic field analysis in 
the case that a relation b/a = 0.85 in Fig. 1 is estab- 
lished; 

Fig. 3 is a view showing a magnetic flux density of 
a rotational gap between PI and P2 in Fig. 2; 

40 Fig. 4 is a view showing a forward movement torque 
and a backward movement torque in the case of 
changing the value b/a In Fig. 2; 
Fig. 5 is a view showing a relation between a ratio 
between the forward and backward movement 

45 torque and the value b/a in Fig. 4; 

Fig. 6 is a view showing an embodiment of a struc- 
ture of a hybrid electric vehicle employing a perma- 
nent magnet type dynamo-electric machine in ac- 
cordance with the present invention; 

50 Fig. 7 is a view showing a difference of a torque 
curve between the present Invention and the con- 
ventional embodiment; 

Fig. 8 is a view showing a magnetic field analysis in 
the case of applying the present invention to an em- 
55 bodiment having sixteen poles . (b/a = 0.9); 

Fig. 9 is a view showing a relation between a ratio 
between the forward and backward movement 
torque and the value b/a in the case of changing the 
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value b/a in Fig. 8; 

Fig. 10 Is a cross sectional view of a main. portion 
of a pemnanent magnet type dynanno-electric ma- 
chine in accordance w\lh a second embodiment of 
the present invention; 

Fig. 11 is a view showing a magnetic flux density of 
a rotational gap between PI and P2 in Fig. 10; and 
Fig. 12 is a view showing a relation between the for- 
ward and backward movement torque and the value 
b/a in the case of changing 6 in Fig. 1 0. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021] A description will be given below of a first em- 
bodiment in which the present invention is applied to a 
permanent magnet type dynamo-electric machine hav- 
ing three phases, eight poles and forty eight slots with 
reference to Fig. 1 showing one pole pair. At first, in Fig. 
1 , a stator 1 is the same as that of the conventional struc- 
ture, and is constituted by inserting and arranging U- 
phase stator coils U1 , V-phase stator coils VI and W- 
phase stator coils W1 to forty eight slots 3 formed in an 
annular stator iron coil 2. An opening portion 4 Is formed 
in an Inner peripheral portion of the stator Iron core in 
correspondehce to each of the slots. 
[0022] On the contrary, a rotor 6 is arranged in the sta- 
tor 1 at a rotational gap and is structured such as to have 
auxiliary protruding poles in which a plurality of perma- 
nent magnets are arranged and fixed within a rotor iron 
core in a peripheral direction. That is, the rotor 6 is con- 
stituted by fitting and adhering a stator iron core 7 to a 
rotary shaft 9 and inserting and assembling a pemnanent 
magnet 8 having a width (b) in a rotational direction, for 
example, made of neodymium to a rectangular punch- 
ing hole having a width (a) in the rotational direction and 
formed in a peripheral direction of an outer peripheral 
portion of the rotor iron core / from an axial direction so 
that N-pole and S-pole are alternately arranged in re- 
spective receiving portions. Further, the rotor 6 is rotat- 
ably arranged within the stator 1 in a state of having a 
predetermined rotational gap 5 with respect to an inner 
peripheral portion of the stator iron core 2. In this case, 
the rotor iron core 7 is constituted by laminating a mul- 
tiplicity of silicon steel sheets on which holes for forming 
the receiving portions are formed. 
[0023] In this case, the width (a) in the rotational di- 
rection of the punching hole is larger than the width (b) 
in the rotational direction of the permanent magnet, and 
the space 10 generated by a difference between the 
lengths (a) and (b) is arranged in a direction of normal 
rotation, that is, a direction of forward movement of the 
hybrid electric vehicle. In this case, since the rotor be- 
comes nonsymmetrical per each pole, the maximum 
torque becomes different in the case of normal rotation 
and reverse rotation, that is, the normal rotation having 
the space 1 0 has a low torque and the reverse rotation 
has a high torque. Further, a torque ratio between the 



nornial rotation and the reverse rotation is determined 
by a ratio between the values a and b, and since both 
of the cases that a relation b/a = 1 is established (that 
is, the case that the punching hole and the magnet width 

5 are equal and the space 10 does not exist) and that a 
relation b/a = 0 is established (that is, the. case that the 
magnet does not exist and only the space exists, so- 
called reluctance torque motor) are symmetrical at each 
pole, the torque of the normal rotation and the torq ue of 

to the reverse rotation are equal to each other On the con- 
trary, since the case that a relation b/a = 0.5 Is estab- 
lished (that Is, the case that the width of the pemnanent 
magnet and the space 10 are equal) is most nonsym- 
metrical at each pole, the ratio between the torque of 
the normal rotation and the torque of the reverse rotation 
becomes maximum. 

[0024] Fig. 2 shows a result of a magnetic field anal- 
ysis in the case that the relation b/a = 0.85 is established 
in a dynamo-electric machine having an output 60 kW 

20 and Fig. 3 shows a distribution of a magnetic flux density 
of the rotational gap between P1 and P2 in the dynamo- 
electric machine in Fig. 2. In accordance with Fig. 3, 
since the magnetic flux density in the direction of normal 
rotation Is low and the magnetic flux density In the di- 

25 rection of reverse rotation is high, it is known that the 
reverse rotation torque Is larger than the normal rotation 
torque. 

[0025] Further, Fig. 4 shows the fonward movement 
torque and the backward movement torque in the case 

30 of changing the value b/a in the dynamo-electric ma- 
chine shown in Fig. 2 and Fig. 5 shows a relation be- 
tween a ratio between the forward and backward move- 
ment torque (the backward movement torque/forward 
movement torque) and the value b/a. 

55 [0026] In accordance with Fig. 4, the torque is largest 
in the case that the relation b/a = 1 is established in both 
of the forward and backward movements, the torque is 
reduced as the value b/a becomes smailler, and the 
torque Is smallest in the case that the relation b/a = 0 is 

40 established. However, in the case that the relation b/a 
> 0.5 is established, a reduction degree of the backward 
movement torque is smaller than that of the forward 
movement torque. In accordance with Fig. 5, It is known 
that the value t>/a should be set to 0.5 to 0.9 in order to 

45 make the ratio between the fonward and backward 
torque 1 .05 to 1 .2. If it is intended that the torque ratio 
is simply made 1 .05 to 1.2, the value b/a 0.15 to 0.5 is 
sufficient, however, in this case, since the torque be- 
comes too low as is apparent from Fig. 4, the value is 

50 improper. 

[0027] Here, Fig. 6 shows an embodiment of a struc- 
ture of a hybrid electric vehicle corresponding to a sub- 
ject of the present invention. A drive system Is mainly 
constituted by an engine 30, a motor 31 for driving an 

55 electric vehicle, a power generator 32 driven by the en- 
gine and used for charging a battery or the like, an in- 
verter/converter 33, a battery 34, a drive shaft 37, a 
speed change gear (for example, a CVT) 35, and a 
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clutch 36. In this case, since the drive motor 31 functions 
as a power generator for regeneration at a time of re- 
ducing speed, the drive motor 31 may be sometimes 
called as a dynamo-electric machine. In this hybrid elec- 
tric vehicle, the structure is made such that the engine s 
30, the clutch 36, the dynamo-electric machine (driving 
motor) 31, the speed change gear 35 and the drive shaft 
37 are connected to each other in series, and the speed 
change gear 35 does not have a gear for switching the 
front and baclcward movements. 

[0028] Operations in respective travel modes are as 
follows: 

(1) Stop time: the engine is stopped, the clutch is' 
turned off and the motor is In an idle state (in this is 
case, in the case that a charging amount of the bat- 
tery Is a little; the engine is driven so as to rotate the 
dynamo-electric machine as a power generator, 
thereby charging the battery). 

(2) Low speed traveling time: the engine is stopped, 
the clutch is turned off and the motor is driven (in 
this case, in the case that the charging amount of 
the battery is a little, the engine is driven so as to 
rotate the power generator, thereby charging the 
battery). 

(3) Middle and high speed traveling time: the engine 
is driven, the clutch is tumed on and the motor is 
rotates In an accompanying manner (no output), 

(4) High speed accelerating time: the engine is driv- 
en, the clutch is tumed on and the motor is driven. 

(5) Speed reducing time: the engine is rotated due 
to inertia, the clutch is tumed on and the motor is 
regenerated (may be regenerated by the power 
generator). 

(6) Backward moving time: the engine is stopped, 
the clutch is turned off and the motor is driven (in 
this case, in the case that the charging amount of 
the battery is a little, the engine is driven so as to 
rotate the power generator, thereby charging the 
battery). 

[0029] Since the backward movement is driven only 
by the motor, the motor torque at the backward moving 
time is large. On the contrary, the low speed travel is 
driven only by the motor, however, in the case that the 
torque is insufficient, the clutch is tumed on so as to 
drive the engine, whereby it is easy to supplement the 
insufficient torque. 

[0030] Taking only the low speed side into considera- 
tion, the conventional motor having the relation b/a = 1 
is sufficient, however, in the hybrid electric vehicle travel 
modes (3) and (4), the motor is driven or rotates in an 
accompanying manner even at the middle and high 
speed rotation time. In this case, when the magnetic flux 
of the magnet is great, an iron loss becomes great and 
a weakening field current is increased since the mag- 
netic flux amount is restricted, so that a performance is 
reduced. 



[0031] In accordance with the permanent magnet 
type dynamo-electric machine of the present invention, 
the torque in the backward movement side is secured, 
the insufficient torque at the low speed rotation time in 
the fonvard movement side Is supplemented by an as- 
sistance of the engine, and the magnetic flux amount at 
the middle and high speed time is reduced, whereby il 
is possible to improve the performance such as an effi- 
ciency at the middle and high speed time or the like, and 
achieve a drive system suitable for the hybrid electric 
vehicle. 

[0032] Fig. 7 shows the motor torque in the case of 
the present invention (b/a = 0.9) and the conventional 
embodiment (b/a =1). In accordance with this embodi- 
ment, the present invention can about 10% improve the 
rotational number in comparison with the conventional 
embodiment, and can about 1 % improve the motor effi- 
ciency in the high spee|d side from 90% in the conven- 
tional one to 91% in the present invention. 
[0033] In order to verify a wide use property of the 
present invention, the same verification is performed in 
the dynamo-electric machine having an output 20 kW 
and 1 6 poles. Fig. 8 shows a result of a magnetic field 
analysis in the case that the relation b/a = 0.9 is estab- 
lished, and Fig. 9 shows a relation (in this case, between 
0.5 and 1) between a ratio between the forward and 
backward movement torque (backward movement 
torque/fonvard movement torque) and the value b/a in 
the case of changing the value b/a in the dynamo-elec- 
tric machine in Fig. 8, In accordance with Fig. 9, It is 
known that the value b/a is between 0.5 and 0.9 in order 
to make the forward and backward movement torque 
ratio between 1 .05 and 1 .2 even In the structure having 
16 poles. 

[0034] Further, in the present invention, in order to 
change the torque of the f onward and backward move- 
ments, in addition to the method of partly fomning the 
space as mentioned above, it is possible to achieve by 
the structure in which the permanent magnet inserting 
hole provided within the rotor iron core is provided at a 
predetermined inclined angle (9) with respect to the cir- 
cumferential direction, and the dynamo-electric ma- 
chine and the front movement (normal rotation) side of 
the hybrid electric vehicle employing the same are pro- 
vided so that a distance from the rotational gap is in- 
creased. In this case, the inclined angle (6) means an 
Inclined angle with respect to a tangent line in a center 
(in a rotational direction) of the pennanent magnet. 
[0035] Fig. 1 0 shows a result of magnetic field analy- 
sis in the case that a relation 6 = 1 0 degrees (mechanical 
angle) in a dynamo-electric machine having an output 
60 kW and eight poles, and Fig. 11 shows a distribution 
of a magnetic flux density of a rotational gap between 
PI and P2 in the dynamo-electric machine in Fig. 10. 
As is apparent from Fig. 11 , since the rhagnetic flux den- 
sity in the direction of the nomnal rotation is low and the 
magnetic flux density in the direction of the reverse ro- 
tation is high, it is known that the reverse rotation torque 
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is larger than the normal rotation torque even in this 
case. In the case that the mechanical angle is 0 or 90 
degrees, the torque ratio becomes 1 due to a symmet- 
rical property at each pole. On the contrary, in the case 
of 45 degree^ the torque ratio becomes greatest due to 
most nonsymmetrical property. 

[0036] Fig. 12 shows the inclined angle (0) and the 
ratio of the forward and backward movement torque. As 
is apparent from Fig. 12, when the angle 6 is set to 10 
to 45 degrees, it Is possible to make the ratio of the for- 
ward and backward torque between 1 .05 and 1 .2. 
[0037] Further, In accordance with the present inven- 
tion, the shape of the rhagnet is not limited to the rec- 
tangular shape shown in the first embodiment, but can 
employ various shapes such as an arc shape orthe like. 
Further, the pemnanent magnet 8 may employ the other 
magnets than the neodymium magnet, the number of 
(the number of the poles of) the permanent magnets 
may employ the other number than eight poles and six- 
teen poles, and the number of the slots ofthe statormay 
employ the other number than forty eight. 1n this case, 
the magnet Is not limited to the Inner rotation type and 
can be established by an outer rotation type. 
[0038] In accordance with the present invention, since 
the ratio between the maximum torque output by the dy- 
namo-electric machine at the normal rotation (forward 
movement) time and the torque output by the dynamo- 
electric machine at the reverse rotation (backward 
rinovement) time is 1 : 1.05 - 1.2 and becomes greater 
in the backward movement, it Is possible to reduce the 
unnecessary torque (magnetic flux) at the normal rota- 
tion (fonward movement) so as to Improve the efficiency 
at the high speed and further Improve the specific fuel 
consumption. Further, it is possible to provide the hybrid 
electric vehicle with compact, light and high efficiency 
which can output a predetermined torque at the back- 
ward movement. 

[0039] Further, since it is possible to reduce the iron 
loss by reducing the magnetic flux at the high speed ro- 
tation, it is not necessary to use the low iron loss steel 
sheet so as to reduce the cost. In this case, since it is 
possible to reduce the amount of the magnet in the 
structure using the space so as to be nonsymmetrical 
as the first embodiment, it is possible to reduce the cost 
of the magnet. 

Claims 

1. A hybrid electric vehicle employing a penmanent 
magnet type dynamo-electric machine (31) com- 
prising: 

a permanent magnet type dynamo-electric ma- 
chine (31), said permanent type magnet type 
dynamo-electric machine (31) having a stator 
(1) having a stator Iron core (2) around which a 
stator coil is wound, and a rotor (6) arranged In 



said stator (1) at a rotational gap (5), having a 
plurality of pemnanent magnets (B) arranged 
and fixed within a rotor iron core (7) in a periph- 
eral direction, and having auxiliary protruding 
5 poles; 

said dynamo-electric machine (31 ) and an en- 
gine (30) being connected to a drive shaft (37) 
in series; and 

no switching gear between forward and back- 
10 ward movements being provided; 

wherein a ratio between a maximum torque out- 
put by said dynamo-electric machine (31 ) when 
the electric vehicle moves f onward and a torque 
. output by the dynamo-electric machine (31) 
15 when reverse moving establishes a relation 1 : 

1 .05-1 .2, whereby the torque at the reverse ro- 
tation becomes greater. 

2. A hybrid electric vehicle employing a permanent 
20 magnet type dynamo-electric machine (31) as . 

claimed In claim 1 , wherein a shape in a circumfer- 
ential direction of said rotor (6) at each pole is non- 
symmetrical so that the ratio between the normal 
and reverse rotations establishes a relation 1: 
25 1 .05-1 .2, whereby the torque at the reverse rotation 
becomes greater. 

3. A hybrid electric vehicle employing a permanent 
magnet type dynamo-electric machine (31) as 

30 claimed in claim 1 , wherein a width in a rotational 
direction of a penmanent magnet Inserting hole pro- 
vided within said rotor Iron core (7) is larger than a 
width of said permanent magnet (8), and a space 
(10) generated by a difference of length between 

35 the both is arranged in a forward movement side of 
said electric vehicle. 

4. A hybrid electric vehicle employing a pemnanent 
magnet type dynamo-electric machine (31) as 

40 claimed in claim 2, wherein a width in a rotational 
direction of a permanent magnet inserting hole pro- 
vided within said rotor iron core (7) is larger than a 
width of said permanent magnet (8), and a space 
(10) generated by a difference of length between 

45 the both is arranged in a forward movement side of 
said electric vehicle. 

5. A hybrid electric vehicle employing a permanent 
magnet type dynamo -electric machine (31) as 

so claimed In claim 1 , wherein a permanent magnet 
inserting hole provided within said rotor iron core 
(7^ is provided at a predetermined inclined angle (6) 
with respect to a circumferential direction so that a 
distance from the rotational gap (5) is greater in the 

55 normal rotation side of the dynamo-electric ma- 
chine (31 ), and said permanent magnet (8) is insert- 
ed to said inserting hole. 
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6. A hybrid electric vehicle employing a permanent 
magnet type dynamo-electric machine. (31) as 
claimed in claim 2, wherein a permanent magnet 
inserting hole provided within said rotor iron core 
(7) is provided at a predetermined inclined angle (6) 
with respect to a circumferential direction so that a 
distance from the rotational gap (5) is greater In the 
nonnal rotation side of the dynamo-electric ma- 
chine (31), and said permanent magnet (8) is insert- 
ed to said inserting hole. 

7. A hybrid electric vehicle employing a permanent 
magnet type dynamo-electric machine (31) as 
claimed in claim 5, wherein said inclined angle (6) 
is 10 to 45 degrees (mechanical angle). 

8. A hybrid electric vehicle employing a permanent 
magnet type dynamo-electric machine (31) as 
claimed in claim 6, wherein said inclined angle (G) 
is 10 to 45 degrees (mechanical angle). 

9. A hybrid electric vehicle employing a pemnanent 
magnet type dynamo-electric machine (31) as 
claimed in claim 1 . wherein a cross sectional shape 
in the rotational direction of said permanent magnet 
inserting hole and said penmanent magnet (8) is a 
rectangular shape. 

10. A hybrid electric vehicle employing a pennanent 
magnet type dynamo-electric machine (31) as 
claimed in claim 2, wherein a cross sectional shape 
in the rotational direction of said permanent magnet 
Inserting hole and said permanent magnet (1 8) is a 
rectangular shape. 

11. A hybrid electric vehicle employing a pennanent 
magnet type dynamo-electric machine (31) as 
claimed in claim 3, wherein a cross sectional shape 
in the rotational direction of said permanent magnet 
inserting hole and said permanent magnet (8) is a 
rectangular shape. 

12. A hybrid electric vehicle employing a permanent 
magnet type dynamo-electric machine (31) as 
claimed in claim A, wherein a cross sectional shape 
in the rotational direction of said pemnanent magnet 
inserting hole and said permanent magnet (8) is a 
rectangular shape. 

13. A hybrid electric vehicle employing a permanent 
magnet type dynamo-electric machine (31) as 
claimed in claim 1 , wherein a cross sectional shape 
in the rotational direction of said pemnanent magnet 
inserting hole and said permanent magnet (8) is an 
arc shape. 

14. A hybrid electric vehicle employing a permanent 
magnet type dynamo-electric machine (31) as 



claimed in claim 2, wherein a cross sectional shape 
in the rotational direction of said permanent magnet 
inserting hole and said permanent magnet (8) is an 
arc shape. 

5 

15. A hybrid electric vehicle employing a permanent 
magnet type dynamo-electric machine (31) as 
claimed in claim 3, wherein a cross sectional shape 
in the rotational direction of said permanent magnet 

10 inserting hole and said pemnanent magnet (8) is an 
arc shape. 

16. A hybrid electric vehicle employing a pennanent 
magnet type dynamo -electric machine (31) as 

15 claimed in claim 4, wherein a cross sectional shape 
in the rotational direction of said permanent magnet 
inserting hole and said permanent magnet (8) is an 
arc shape. 

20 17- A hybrid electric vehicle employing a pennanent 
magnet type dynamo-electric machine (31) as 
claimed in any one of claims 1-16, wherein a ratio 
between a width in a rotational direction of the per- 
manent magnet inserting hole provided within said 

25 rotor Iron core (7) and a width in the rotational di- 
rection of said permanent magnet is 1 :0.5-0.9. 
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